-A184 818 EXTINCTION BY DIELECTRIC PARTICLES AT OPTICAL AND

INFRARED WAVELENGTH(U) CLARKSON UNIV POTSDAM NY DEPT OF
ELECTRICAL AND COMPUTER ENGI
UNCLASSIFIED RRO -21262 6-65 DARG29-84-K-8854

W BRRBER 31 AUG 87
F/G 20/6

11

NL




X w4 Te o

gl Sl 5
i 5 &
[N
s, -

==
o

h2s s pie

MICROCOPY RESOLUTION TEST CHART

NATIONAL HURFAL F STANDARD - Jop A

Wl "i'o't‘. o, ﬁi‘c’ WX .‘cl.:n‘.' TR ; o, X ; ‘ e
""" I \':'l"':' ". o 'm..:' l

I
""" ;\ .t‘l "u

“
0‘4

s

', 0 2 "
) LR o .
W '!“"“. \, -‘. Coe 'l " I‘



-

‘ [6 £il
. LG U“U‘Uu u : * MASTER COPY - FOR REPRODUCTION PURPOSZ

. SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)
- READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
REPO NUMBER 2. GOVT ACCESSION NO.J| 3. RECIPIENT'S CATALOG NUMBER
00 ARy Q1242.6-4S N/A N/A
F TITLE (and Subtitie) S. TYPE OF REPORYT & PERIOD COVERED
o0 Final
Extinction by Dielectric Particles at Optical 1 June 1984 to 30 June 1987
o < and Infrared Wavelengths 6. PERFORMING ORG. REPORT NUMBER
:%' 0 _ _
AU THOR(s) 8. CONTRACT OR GRANT NUMBER(s)
o A
s
&L Peter W. Barber DAAG29-84-K-0054
N |
!: D PERFORMING ORGANIZATION NAME AND AODORESS 10. :RogR&A=OERLKE=5QNTT.N’URM°!JEEE;' TASK
g Department of Electrical and Cowmputer Engineering Re
| < Clarkson University
:'f Potsdam, NY 13676
CONTROLLING OF FICE NAME AND ADDRESS 12. REPORT DATE
h U. S. Army Research Office 31 August 1987
I Post Office Box 12211 13- NUMBER OF PAGES
; br—Besearch Triangle Pari _NC 27700 3
; TMONITORING AGENCY WAME & AOORESS(I{ dlfferent from Controlling Office) | 5. SECURITY CLASS. (of thie report)
)
) Unclassified
. TSa. DECL ASSIFICATION/ DOWNGRADING
h SCHEDULE

16. OISTRIBUTION STATEMENT (of this Report)

b Approved for public release; distribution unlimited. D ‘ lc

ELECTE

LR oY Wy S AR

17. DISTRISUTION STATEMENT (of the abstract sntered in Block 20, If different from Repeort)
0
A “D

18. SUPPLEMENTARY NOTES

The view, opinions, and/or findings contained in this report are
those of the author(s) and should not be construed as an official

Department of the Army position, policy, or decision, unless so
tion

Is. KEY WORDS (Continue on reveree side If necessary and identify by block number)

3

\

h T-matrix multiple scattering

B Mie theory dielectric

¥ light scattering intensity

scattering matrix resonance

- droplet

30_ ABSTRACT (Cantiue an reverss eide  racosvary md ldenzify by block number)

Light scattering calculations for spheroidal particles have determined a
,E relationship between the scattering matrix and the physical features of the
! particles. Multiple scattering calculations for parallel cylinders show

§ that the coupling is greatest when one cylinder is in the shadow of the
other. Slightly distorted spherical droplets exhibit new resonances which

" are caused by mode coupling.

:

"

" DD ., EDITION OF 1 HOV 68 1S OBSOLETE UNCLASSIFIED

SECUMTY CLASSIFICATION GF TMIS PAGE (When Data Entersd)

» . T

WA

- - - LI £y i
R R P R N R TR T T e L e e, Y (o™ O . ' :
VR RRRIG AT PRI W ARG '.-.J'«.'u‘-‘l"?vf“’:f"t'\l‘afﬁ'eJ"*"?"a-!‘q.l'»fl‘e KK MR R M




WA -

o 2/1262.6-¢5

EXTINCTION BY DIELECTRIC PARTICLES

AT OPTICAL AND INFRARED WAVELENGTHS

FINAL REPORT
M Peter W. Barber

31 Augqust 1987

P .
"‘.‘.&.‘J.‘ -

v,
-

4 U. S. Army Research Office

i DAAG29-84-K~0054

o Clarkson University

% Approved for Public Release;
Distribution Unlimited.

87 9 16 074

B YR T TR LN e T o3 ' AN UAOR D0 OO
. L) } g . SRt Vit e R RT Y



S TAR 0
h Uteinoas ood 0
Justificatio

. e s ———————

Y k
‘ | NTIS CRA&] K
| ¢

et oo mvsrmetns s oamaare »d

B0 ) [ Avat ar
RS Dict Srecial

t! B
X I"‘ f -
.I’g
4 !

b R

St The view, opinions, and/or findings contained in this report are
those of the author(e) and should not be construed as an official
) Department of the Army position, policy, or decision, unless so

M designated by other documentation.

3’

BRNAS AN 3" W ' 002 % % W) T2 () S Y h () ’ AU Yy
N A IV T et éi’}"l'~‘z"-‘\":‘1"‘n,'!"‘"‘a’!'t'.-‘t‘:‘z’v o OB IOOCOAINRRN ‘.E’c&‘u!"”"e‘.‘:



-
-~

-

D =
-y

A. Statement of the Froblem Studied

Pl

T~

The T-matrix and other theoretical scattering techniques were used
to investigate the scattering features of dielectric particles,
Calculations for nonspherical particles which are larger than the
wavelength of the incident beam were of particular interest, Specific
problems which were studied included determining the scattering matrix
for randomly oriented spheroidal particles, calculating the intensity
at the surface and internal to absorbing and nonabsorbing particles,

Y and determining the resonance features of slightly distorted spherical
" particles.
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B. Summary of Results
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t. Information Content of the Scattering Matrix

o o

Extensive calculations for spheroidal particles have shown that
the frequency content of the phase function Pil is related to particle
volume and that a parameter derived from the depolarization ratio
1-P22/P11 is related to particle shape. This was the first attempt to
relate the physical characteristics of particles to their light
scattering features in an organized way. These results should be
useful in deducing the physical features of rod-like and disk-like
particles from their measured scattering matrices.
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2. Scattering Calculations for Finite-Length Cyrlinders

% The T-matrix method was used to make the first scattering matrix

calculations for a finite-length cylinder. Specifically, results were

obtained for an absorbing 4:1 rod-like cylinder which was about two

o wavelengths in length. The physical characteristics conformed to a

N pltastic cylinder for which measured results had been obtained at the
Space Astronomy Laboratory at the University of Florida, The
calculated and measured results were almost identical. These results
show that the T-matrix method will be useful in solving scattering

» problems for particle shapes other than spheroids. It is important to

: note that calculations for either absorbing or nonabsorbing crlinders

5 of differing axial ratios can easily be made with no changes to the

| computer program. The only limitation is that the T-matrix solution

' may not converge for cylinders of very low or very high axial ratios.

3. Multiple Scattering by Parallel Dielectric Fibers
o A closed—form solution for the scattering by two paraliel

dietectric cylinders (originally due to Twersky) has been used to
investigate the coupling between parallel glass fibers as a function of

fiber size and separation. It was found that the coupling is strongly
: dependent on the orientation of the fibers relative to the incident
p wave, with end-on illumination giving the strongest coupling and

broadside illumination giving the weakest coupliing. Specific

\ calculations of the backecatter efficiency for two fibers which are of
resonant size show that the resonant wavelength shifts as the

; ceparation between the fibers decreases, and the resonances are

! completely damped when the fibers touch. The conclusion is that fibers
2 of resonant size will have the greatest internal and external

Yy

RO T s Tl WAL & GO R DGO g ( LA ! e X §
Mt Ol DADOD DR DUDHOR AN AENG RN Rttt



jg near-field intensities when they are isolated or far removed from other

o fibers.
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K% 4. Intensity Within and Around Dielectric Objects

, The spatial distribution of the near-field and internal

i electromagnetic intensities were calculated and experimentally observed
5 for dielectric cylinders and spheres which are large relative to the

" incident wavelength., Two prominent features of the calculated results
iy are the high—intensity peaks which exist in both the internal and

W near-fields of these objects, even for nonresonant conditions, and the
well-~defined shadow behind the objects.

g0 5. Resonance Spectra of Slightly-Deformed Spheres
ol Spectral calculations of scattering efficiency vs Size parameter

d show that numerous additional resonance peaks occur when a sphere is
only slightly deformed to an equal-volume spheroid. This result may be

,f important in predicting the enhanced intensities which would result

{ﬁ when a liquid spherical droplet is slightly distorted, for example, by

W an incident high-intensity laser beam. Although the reason for the

g addi tional resonances can qualitatively be explained by considering the
at numerous new paths which are available for surface wave propagation

- when the sphere deforms, a quantitative explanation can be provided by

.W‘ the form of the T-matrix method which is used to calculate the results,
'q The T-matrix is diagonal for spherical particles, which gives

ty one—-to-one coupling between incident field modes and scattered field

:7 modes. When a spherical particle is deformed, off-diagonal terms

! appear in the matrix, which results in mode coupling. This mode

. coupling is responsible for the additional! resonance peaks which appear
A in the scattering.
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